Activation of pro-urokinase by plasmin: non-Michaelian kinetics indicates a mechanism of negative cooperativity.
Enzyme kinetic plots relating the initial rate of activation of pro-urokinase to urokinase by plasmin, according to the concentration of substrate, were smooth downward curves and indicated that an apparent decrease in binding affinity occurred with increase in the concentration of pro-urokinase. Such nonlinear plots were obtained with plasmin 1 and also plasmin 2. Over sections of each curve it was possible to estimate apparent kinetic constants. At the uppermost concentrations of substrate tested, these were Km 2.9 microM and kcat 35.5 min-1 for plasmin 1, and at the lowermost concentrations, Km 9.5 nM and kcat 2.0 min-1. Linear plots were obtained when the single proteolytic cleavage was made by K5-plasmin or undegraded plasmin in the presence of 1.0 mM 6-aminohexanoic acid (6-AHa). Constants were estimated for catalysis of this reaction by K5 plasmin to be Km 6.0 microM and kcat 38 min-1 (r = 0.987). The catalytic efficiency of plasmin, at the lowermost concentrations of pro-urokinase tested, was therefore 33-fold higher than that of K5-plasmin. Plotting of data for the cleavage of pro-urokinase by plasmin 1 (in the absence of 6-AHa) according to the model of Hill, gave a slope of 0.5 at the lowermost concentrations of pro-urokinase increasing to 1.0 at higher concentrations (greater than 0.3 microM); such a profile is characteristic of negative cooperativity. The rates of formation of plasmin and urokinase in a mixture containing a low concentration of plasminogen and pro-urokinase were measured and compared to those predicted by a computer program designed to calculate theoretical rates using available kinetic data. The observed rates of generation of both plasmin and urokinase coincided to those predicted from the negative cooperativity model. The mechanism of the negative cooperativity may reside in a conformational change induced by binding of pro-urokinase to the kringle structure of plasmin. This property may be of significance in controlling the fibrinolytic properties of the urokinase-type plasminogen activator system.